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(57) ABSTRACT 

A machine can be accessed and controlled With the help of an 
interface device. The customizable interface device contains 
device elements that de?ne features relating to the external 
representation and internal functionality of the interface 
device, as linked to one or more machines. An operator can 
use a con?guration station to implement single or reoccurring 
queries that interact With the interface device and correspond 
ing machines. In particular, the queries target the con?gura 
tion of device elements in the interface device. The process 
can include temporarily unloading unused features from 
active memory and mirroring property changes initialized by 
a source. An emulator can assist in the con?guration process 
by providing a preliminary softWare representation of the 
interface device hardware. A user can develop, test, and 
recon?gure functions on the emulator before loading the 
?nalized platform to the interface device. 
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HMI RECONFIGURATION METHOD AND 
SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part of US. patent 
application Ser. No. 10/980,588, ?led Nov. 3, 2004, entitled, 
“HMI RECONFIGURATION METHOD AND SYSTEM”, 
US. patent application Ser. No. 11/050,923, ?led Feb. 4, 
2005, entitled, “CONFIGURABLE INTERFACE CON 
FIGURATION METHOD AND SYSTEM USING A 
REMOTE INTERFACE”, US. patent application Ser. No. 
11/147,586, ?led Jun. 7, 2005, entitled, “REAL TIME PAR 
ALLEL INTERFACE CONFIGURATION AND DEVICE 
REPRESENTATION METHOD AND SYSTEM”, US. 
patent application Ser. No. 11/147,604, ?led Jun. 7, 2005, 
entitled, “ABSTRACTED DISPLAY BUILDING METHOD 
AND SYSTEM”, US. patent application Ser. No. 11/ 147, 
590, ?led Jun. 7, 2005, entitled, “ENHANCED SPEED 
INTERFACE METHOD AND SYSTEM”, US. patent appli 
cation Ser. No. 11/147,603, ?led Jun. 7, 2005, entitled, 
“DYNAMIC REPRESENTATION OF COMPONENT 
CONFIGURATION METHOD AND SYSTEM”, US. 
patent application Ser. No. 11/147,582, ?led Jun. 7, 2005, 
entitled, “UNIVERSAL WEB-BASED REPROGRAM 
MING METHOD AND SYSTEM”, US. patent application 
Ser. No. 11/147,591, ?led Jun. 7, 2005, entitled, “EVENT 
DRIVEN COMPONENT MIRRORING METHOD AND 
SYSTEM”, US. patent application Ser. No. 1 1/ 147,607, ?led 
Jun. 7, 2005, entitled, “METHOD AND SYSTEM FOR 
INTERFACE CONFIGURATION VIA DEVICE-SIDE 
SCRIPTING”, US. patent application Ser. No. 11/147,588, 
?led Jun. 7, 2005, entitled, “EMULATOR FOR GENERAL 
PURPOSE VIEWER CONFIGURABLE INTERFACE”, 
and US. patent application Ser. No. 11/147,589, ?led Jun. 7, 
2005, entitled, “RELEGENDABLE INTERFACE DEVICE 
DESIGN-TIME ENVIRONMENT SYSTEM AND 
METHOD”. The entireties of the aforementioned applica 
tions are incorporated herein by reference. 

TECHNICAL FIELD 

The subj ect invention relates generally to interface devices, 
and more particularly to the con?guration of such interface 
devices to effectively manage industrial control systems. 

BACKGROUND 

Factories that utiliZe machines to produce products depend 
on reliable industrial control systems. Machines can be 
responsible for building, re?ning, and testing various objects. 
The machines themselves may also require regular or spo 
radic monitoring, maintenance, adjustment, management, 
testing, and repair. Skilled Workers may be alloWed to turn off 
a machine to complete a task or be required to Work on the 
machine as it is running. HoWever, such equipment can 
expose individuals to dangerous conditions. Those Who Work 
directly With machines usually have to Wear protective cloth 
ing to minimiZe impact of potential injuries from accidents. In 
addition, Workers need to adapt to the operating environment 
of the machines. For example, if speci?c products or 
machines operate in a loW temperature environment, the 
Workers on the production ?oor have no choice but to endure 
the cold. This can be uncomfortable or inconvenient for the 
Workers. 

LikeWise, people Working With such equipment can expose 
manufactured products to contamination. Hair, dirt, oil, and 
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2 
germs from humans may damage certain highly sensitive 
products. Protective clothing therefore must protect not only 
the person from injuries, but also the machine from contami 
nation through human contact. Unfortunately, such precau 
tions are not alWays su?icient to guard against these risks. For 
example, time and resources are often Wasted to discard unre 
coverable products in order to maintain quality control stan 
dards. 

Interface devices provide a safe intermediate link betWeen 
operators and machines. The employment of interface 
devices alloWs people to monitor and control equipment With 
out Working in immediate physical proximity of the 
machines. While interface devices are useful because opera 
tors can maintain a distance from the machines for safety and 
quality concerns, interface devices also enable operators to 
Work on machines Without being in their direct vieW (e.g., 
machines that are enclosed in a case or that reside in another 

room). Operators depend on the accuracy, convenience, and 
ease of use of interface devices. It is therefore bene?cial that 
interface devices be as versatile, ef?cient, and reliable as 
possible. 

SUMMARY 

The folloWing presents a simpli?ed summary of the subject 
matter in order to provide a basic understanding of some 
aspects of subject matter embodiments. This summary is not 
an extensive overvieW of the subject matter. It is not intended 
to identify key/critical elements of the embodiments or to 
delineate the scope of the subject matter. Its sole purpose is to 
present some concepts of the subject matter in a simpli?ed 
form as a prelude to the more detailed description that is 
presented later. 
An industrial automation setting includes an operator that 

interacts With a machine via a customiZable interface device 
and corresponding con?guration station. The customiZable 
interface device can be con?gured in a unique manner that is 
more e?icient and personaliZed over conventional interface 
devices. Settings may be implemented that dictate When and 
hoW con?guration takes place, supporting seamless operation 
during con?guration. Within an interface device, device ele 
ments (also referred to as control objects) are softWare com 
ponents that de?ne features of the device, such as properties, 
methods, connections, and communications interfaces. 
Together, the device elements represent mo st if not all aspects 
of the interface device and can be con?gured or recon?gured 
through remote or direct access. 

A con?guration station is a tool used by an operator to 
access the interface device, as Well as send commands to the 
machine it is linked to. A user can interact With the interface 
device via a con?guration station by setting up queries for 
single or recurring processes. The device elements can be 
recon?gured in the con?guration station (by ?rst uploading 
the device elements from the interface device to the con?gu 
ration station) or directly in the interface device (through 
local or remote access). When device elements are recon?g 
ured Without ?rst being uploaded to the con?guration station, 
the interface device can sWitch betWeen a development envi 
ronment (to support a con?guration mode) and an operational 
environment (to support an execution mode). At times, it may 
be preferable for the interface device not to sWitch betWeen 
environments, and in those situations the interface device 
may be con?gured to accommodate changes While remaining 
in an operational environment. 
The device elements can reside in their respective interface 

devices. In another con?guration, some device elements can 
be located in the interface device and other device elements 
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located at a remote location. Different interface devices can 
e?iciently share device elements that are housed in a central 
remote location. One feature of interface devices is the ability 
to alter their appearances to suit a user’ s preferences. Not only 
can visual templates be customizable, they can be saved and 
sent to other interface devices. Furthermore, a single interface 
device can sWitch among various visual templates to easily 
serve the speci?c needs of multiple users. 

Additional aspects of interface devices provide for con 
serving memory and optimiZing overall ef?ciency. One 
approach supports temporarily unloading unused features 
from active memory until they are needed again. Another 
approach targets device element mirroring for property 
changes. Rather than Waste netWork resources to transmit 
redundant information, an identical or related device element 
can mirror a change of another device element. To further 
conserve resources, users can enlist the help of an emulator to 
mimic the con?guration of an interface device Without a 
dependence on such additional hardWare means of an extra 
interface device. Any development or customiZation can 
occur on the emulator as a convenient testing base to vieW and 
implement neW functions through the customiZation of a user 
application ?le. The user application ?le can be perfected 
before it is doWnloaded to hardWare (e.g., an interface 

device). 
To the accomplishment of the foregoing and related ends, 

certain illustrative aspects of embodiments are described 
herein in connection With the folloWing description and the 
annexed draWings. These aspects are indicative, hoWever, of 
but a feW of the various Ways in Which the principles of the 
subject matter may be employed, and the subject matter is 
intended to include all such aspects and their equivalents. 
Other advantages and novel features of the subject matter 
may become apparent from the folloWing detailed description 
When considered in conjunction With the draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of an industrial control system. 
FIG. 2 is a block diagram of a con?guration station. 
FIG. 3 is a block diagram of an interface device unloading 

system. 
FIG. 4 is a block diagram of a device element mirroring 

system. 
FIG. 5 is a block diagram of an emulation system. 
FIG. 6 is a How diagram of a method of facilitating indus 

trial control. 
FIG. 7 is another How diagram of a method of facilitating 

industrial control. 
FIG. 8 is a How diagram of a method of facilitating an 

unloading module. 
FIG. 9 is a How diagram of a method of facilitating device 

element mirroring. 
FIG. 10 is another How diagram of a method of facilitating 

device element mirroring. 
FIG. 11 is a How diagram of a method of facilitating emu 

lation. 
FIG. 12 is a schematic block diagram illustrating a suitable 

operating environment. 
FIG. 13 is a schematic block diagram of a sample-comput 

ing environment. 

DETAILED DESCRIPTION 

The subject matter is noW described With reference to the 
draWings, Wherein like reference numerals are used to refer to 
like elements throughout. In the folloWing description, for 
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4 
purposes of explanation, numerous speci?c details are set 
forth in order to provide a thorough understanding of the 
subject matter. It may be evident, hoWever, that subject matter 
embodiments may be practiced Without these speci?c details. 
In other instances, Well-knoWn structures and devices are 
illustrated inblock diagram form in order to facilitate describ 
ing the embodiments. 
As used in this application, the terms “component” and 

“system” are intended to refer to a computer-related entity, 
either hardWare, a combination of hardWare and softWare, 
softWare, or softWare in execution. For example, a component 
may be, but is not limited to being, a process running on a 
processor, a processor, an object, an executable, a thread of 
execution, a program, and/ or a computer. By Way of illustra 
tion, both an application running on a server and the server 
can be a computer component. One or more components may 
reside Within a process and/or thread of execution and a 
component may be localiZed on one computer and/or distrib 
uted betWeen tWo or more computers. 

In FIG. 1, a block diagram of an industrial control system 
100 that facilitates indirect control of a machine is depicted. 
The industrial control system 100 comprises an interface 
device 120 and con?guration station 140 that together pro 
vide a Working link betWeen an operator 150 and a machine 
110. The interface device 120 is fully con?gurable in terms of 
visual and operational functionalities, providing for a ?ex 
ible, ef?cient, and user-friendly tool. In addition, the manner 
in Which con?guration proceeds is also ?exible, such as 
through real time con?guration in a plurality of operating 
states. Examples of such an interface device include a human 
machine interface (HMI), man-machine interface (MMI), 
graphical user interface (GUI), user interface (UI), and an 
operator interface (OI). The interface device 120 (along With 
the operator 150) can be located in a close physical proximity 
to the machine or can be located at a considerable distance 

from the machine, alloWing the operator to completely and 
effectively interact With the machine as if he Was Working 
directly on the equipment. The interface device 120 houses at 
least one device element 130 that de?nes features relating to 
the interface device 120 or the machine 110. For example, 
device elements can de?ne properties (e.g., adjustable 
attributes, such as the image representation of an element on 
a screen), methods (e.g., executable functions that de?ne the 
operation performed by the element), connections (e. g., links 
that enable data to be exchanged among separated elements), 
and communications interfaces (e.g., the setup that enables 
communications to occur) of an interface device and can 
include softWare pushbuttons, timers, gauges, PLC commu 
nication servers, screens, and applications for their corre 
sponding machines. A particular example of a device element 
130 is a temperature gauge that records temperature of the 
machine 110. 

The operator 150 can be a person, group of individuals, 
entity, program, or arti?cial intelligence unit that is mainly 
responsible for at least initial setup and direction of the 
machine 110, along With regularly monitoring the machine 
110. The operator 150 employs the con?guration station 140 
as a tool to access device elements 130 in the interface device 
120. When the operator 150 desires to measure, observe, test, 
extract, or alter something on the machine 110 or interface 
device 120, the operator 150 can generate a query by Way of 
the con?guration station 140. The con?guration station 140 
can proceed in various Ways. 
A con?guration station may control one or more interface 

devices at once. The con?guration station 140 can be inte 
grated With the interface device or it can function as stand 
alone tool. In one example, an operator can use a con?gura 
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tion station to develop appearance and organization of the 
interface device. In another example, the operator can use a 
con?guration station to set up a continuous monitoring tool to 
detect high levels of contamination exposed to the machine in 
a cleansing phase of the production process. With respect to 
recon?guration procedure, the con?guration station 140 can 
upload the necessary device element(s) 130 from the interface 
device 120 to the con?guration station 140, recon?gure the 
device element 130 in the con?guration station 140, and 
doWnload the recon?gured device element 130 back to the 
interface device 120. As an alternative, the con?guration sta 
tion 140 may recon?gure the device element 130 directly in 
the interface device 120 (Where uploading the device element 
130 to the con?guration station 140 is unnecessary). This 
technique eliminates the need for a special program to 
retrieve and store the code, since the changes are made 
directly in the environment of the interface device. Further 
more, additional external code is not required to accomplish 
the necessary editing operations. 

For this type of recon?guration, the interface device 120 
can sWitch betWeen a development environment (to support a 
con?guration mode) and an operational environment (to sup 
port an execution mode). While the interface device 120 is 
operating in a development environment, a parallel visual 
representation (e.g., in the form of a JPEG ?le, or any suitable 
static or sub-static representation) of the device elements can 
remain on the interface device (and refreshed When appropri 
ate) as vieWed by a user to minimiZe impact of obvious 
interruptions in operation. To accomplish this vieW, relevant 
elements are queried to extract respective image(s) or equiva 
lent visual representation(s) and stored in a virtual frame 
buffer or memory display context. This content can be dis 
played on a general purpose vieWer or broWser While the 
interface device 120 is being con?gured in a development 
environment. 

HoWever, the con?guration station 140 may recon?gure 
the device element 130 in the interface device 120 While the 
interface device 120 remains in execution mode so as to not 
interrupt operation of the machine 110. As certain device 
elements are actively running a process, other device ele 
ments may be edited. When con?guration of those device 
elements is complete, they may be activated as soon as they 
become available or upon predetermined times (e. g., accord 
ing to a refresh rate)-effectively achieving seamless operation 
of a continuous process. In an example, during a semicon 
ductor heating process, an engineer may decide to increase 
the frequency in Which the temperature reading is transmit 
ted. Since it is inef?cient to stop production of the batch in 
order to change that setting, the interface device supports 
recon?guration during execution. As a result, the temperature 
is read more often, starting at the next Wafer, once the setting 
is ?naliZed, thus avoiding interruption of the process. Regard 
less of Which environment is used for recon?guration, such 
recon?guration of device elements is not dependent on their 
prior con?guration. The con?guration station 140 does not 
utiliZe or require any prior knowledge of the nature, function, 
and properties of the device elements. Thus, specialiZed cus 
tomiZation of the recon?guration tool is not necessary. 

Depending on the ability and resources of the interface 
device 120, the particular situation, and the needs of the 
operator 150, the con?guration station 140 may select the 
most appropriate approach for a particular query. For 
instance, Where a complete and thorough recon?guration of 
multiple device elements is required, it may be more effective 
for the interface device 120 to sWitch to a development envi 
ronment While the con?guration station 140 is implementing 
the recon?guration process. In another situation, Where a 
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6 
simple recon?guration that only affects one device element is 
required, if may be more ef?cient for the con?guration station 
140 to directly access that device element While the rest of the 
interface device 120 continues uninterrupted execution of its 
regular procedure. 

In appropriate situations, the con?guration station 140 may 
not be required. The operator 150 can create a query that 
self-generates reoccurring processes. In that case, the inter 
face device 120 essentially creates its oWn commands, tests, 
and adjustments Without need for constant monitoring or 
individualized queries. 

In addition, the interface device 120 can access an external 
device element store 160 for device elements With additional 
features not found on the interface device 120. The device 
element store 160 can be available to a select group of inter 
face devices or it can have open availability. The device 
element store 160 enables different machines to ef?ciently 
have access to a Wide range of device elements. If necessary, 
the interface device 120 can optionally reach more than one 
device element store. 
The interface device 120 relays and implements the corre 

sponding controls, as speci?ed by the operator 150, to the 
machine 110. The information communicated betWeen the 
interface device 120 and machine 110 may be related to 
functions that monitor (e.g., a command to record the tem 
perature of a particular chamber of the machine 110 at a 
certain time) or alter (e. g., a command to rotate a robotic arm 
of the machine 110 to a different chamber) the machine 110. 
The setup can be a single or repetitive function, dependent on 
various constraints. One example of a single function is a 
process for the purpose of testing or troubleshooting an aspect 
of the machine 110. An example of a repetitive function is a 
process that measures temperature of a chamber of the 
machine 110 at one-hour intervals (e.g., a time-based con 
straint), or turns off the heating mechanism once the tempera 
ture reaches a predetermined point (e.g., an event-based con 

straint). 
It is to be appreciated that embodiments described herein 

can employ various arti?cial intelligence-based schemes for 
carrying out various aspects thereof. For example, control of 
a con?guration station can involve using an automatic clas 
si?er system and process. The classi?ers can be employed to 
determine and/or infer a need for changing settings of the 
interface device, as Well as assisting With When and hoW to 
implement those changes. The classi?ers can also apply a 
utility-based analysis that considers the cost associated With 
implementing the Wrong setting against the cost of time and 
resources for manual operation. Moreover, current user state 
(e.g., amount of free time, urgency, need for accuracy, user 
frustration, display device capabilities . . . ) can be considered 
in connection With recognition in accordance With the 
embodiments described herein. 
A classi?er is a function that maps an input attribute vector, 

X:(xl, x2, x3, x4, . . . xn), to a con?dence that the input 
belongs to a class, that is, f(X):con?dence(class). Such clas 
si?cation can employ a probabilistic and/or statistical-based 
analysis (for example, factoring into the analysis utilities and 
costs) to prognose or infer an action that a user desires to be 
automatically performed (e.g., implement a change to the 
interface device through the con?guration station). 
A support vector machine (SVM) is an example of a clas 

si?er that can be employed. The SVM operates by ?nding a 
hypersurface in the space of possible inputs, Which hypersur 
face attempts to split the triggering criteria from the non 
triggering events. Intuitively, this makes the classi?cation 
correct for testing data that is near, but not identical to, train 
ing data. Other directed and undirected model classi?cation 
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approaches include, e.g., naive Bayes, Bayesian networks, 
decision trees, and probabilistic classi?cation models provid 
ing different patterns of independence can be employed. 
Classi?cation as used herein also is inclusive of statistical 
regression that is utiliZed to develop models of priority. 
As Will be readily appreciated from the subject speci?ca 

tion, the subject invention can employ classi?ers that are 
explicitly trained (such as by generic training data) as Well as 
implicitly trained (such as by observing user behavior and/or 
receiving extrinsic information). For example, SVM’s are 
con?gured by a learning or training phase Within a classi?er 
constructor and feature selection module. Thus, the 
classi?er(s) can be used to automatically perform a number of 
functions as described herein. Accordingly, the operator 150 
can optionally employ classi?ers in connection With effecting 
the functionalities associated thereWith. 

Referring to FIG. 2, a block diagram of a con?guration 
station 140 that facilitates ?exible interaction betWeen an 
operator and an interface device is illustrated. Not only can 
the con?guration station 140 respond to direct instructions 
from an operator, the con?guration station 140 may dynami 
cally alter settings based on preferences, past behavior, and 
capabilities of the device and surrounding environment. For 
example, the con?guration station may automatically opti 
miZe brightness and contrast of a screen vieW based on the 
current level of light. In another example, the con?guration 
station may alter the amount of information displayed on a 
screen vieW based on the limitations of the displaying device 
(e. g., by reducing the amount of information displayed for a 
small screen or limited memory device). The con?guration 
station 140 comprises a connection component 220 that 
establishes a Working connection betWeen the con?guration 
station and the interface device, a con?guration component 
230 that facilitates the con?guration of the interface device, 
and an operation component 240 that implements such con 
?guration on the interface device. The con?guration station 
140 may supply direct access betWeen an operator and an 
interface device through a cable or other physical connection. 
In addition, the con?guration station 140 may also be housed 
in a broWser 210 to provide remote access to one or more 

operators and one or more interface devices through an Inter 
net or intranet connection. 

The operator initiates con?guration by sending a query to 
the con?guration station 140. This signals the connection 
component 220 to establish a connection betWeen the con 
?guration station 140 and the interface device (as Well as 
corresponding device elements residing on the interface 
device and device elements linked to the interface device). 
Upon veri?cation that such connection has been established, 
the con?guration component 230 selects the appropriate 
device elements to develop an interface screen for the inter 
face device. The con?guration component 230 may need to 
modify some device elements for them to be properly imple 
mented. A resulting user-friendly interface screen accommo 
dates the operator. The operation component 240 implements 
the interface screen onto the interface device. The interface 
screen may be displayed on the interface device itself, or on 
an application linked to the interface device. The interface 
screen displays functions and options that are altered by the 
operator via the device elements. 

In addition, the interface screen can be customiZed as a 
template structure. Such template can be saved and sent to 
other interface devices, as Well as automatically generated 
according to speci?c roles, pro?les, and historical data. In one 
instance, a set of identical machines may operate on a pro 
duction ?oor. Each machine may have its oWn interface 
screen that could be individually customiZed. HoWever, hav 
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8 
ing identical or consistent interface screens for all the 
machines greatly enhances the comfort of the operator 
because the operator Would not need to readjust his thought 
process each time he Works on a particular machine to famil 
iariZe himself With a different screen. When the operator 
determines one interface screen template, that template can 
be saved and implemented onto other interface devices With 
out repeating the customiZation process. An interface device 
can sWitch among multiple saved interface screens, and thus 
is adaptable for a variety of users. Furthermore, generation of 
templates can occur With explicit or implicit training, using 
various classi?ers. Through explicit training, a user sets forth 
the particular con?guration scheme With detailed commands. 
Through implicit training, the system monitors and evaluates 
behavior of the operator, interface device, and machine, and 
intelligently implements changes for more convenient and 
e?icient operation. 

It is to be appreciated that various aspects described herein 
can be automated (e.g., through employment of arti?cial 
intelligence). Accordingly, automated action can be per 
formed in connection With implementing one or more func 
tionalities. The action can be triggered for example based on 
user and/ or computing state, environment, preferences, tasks 
at hand, goals, historical information, and other extrinsic 
information. Moreover, a utility-based analysis can be 
employed in connection With such automated action Where 
for example the cost of taking an incorrect or undesired auto 
mated action is factored against the bene?t of taking a correct 
or desired automated action. In connection With the discus 
sion supra related to training classi?ers, such classi?ers can 
be implicitly and/ or explicitly trained in connection With 
taking automated action. 
The con?guration station 140 can be housed Within a 

broWser 210. Through a broWser 210, the con?guration sta 
tion 140 can be functionally connected to, but physically 
apart from, the interface device. For instance, When a techni 
cian has an urgent problem, he may contact an engineer. 
Instead of troubleshooting the problem on the production 
?oor, the engineer may access the con?guration station 140 
through an intranet connection from his cubicle o?ice. More 
over, the engineer can also access the con?guration station 
140 from his home computer, using the Internet. 

In vieW of FIG. 3, a block diagram of an interface device 
unloading system 300 that conserves memory and optimiZes 
overall ef?ciency is depicted. As indicated in this example, 
the main interface screen 310 incorporates device element X 
320 and device elementY 330 (e.g., all device elements that 
support the interface device), While the unloaded interface 
screen 340 incorporates just device element X 350 (e.g., 
eliminating device element Y 330 that Was not required for 
continuous operation of the interface device). 
The main interface screen 310 maintains a global container 

of all initial device elements, While the unloaded interface 
screen maintains only the aspects necessary for the present 
vieW. Display properties (e.g., color, location, siZe, and text) 
can represent one aspect of a visual representation. Func 
tional properties (e.g., count, interval, time, and reset) can 
represent another aspect of a visual representation. For 
example, this situation applies When a graphical vieW of a 
clock remains at 1:00 PM for 59 seconds until it turns into 
1:01 PM. Although the functional features of the clock must 
be retained in order to keep track of the time, the visual 
features of the clock are constant for these 59 seconds. There 
fore, the visual features of the clock do not need to be imple 
mented again during the time period and can be temporarily 
unloaded from memory. 
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In one example, the main interface screen 310 comprises 
all device elements, Which in this case are device element X 
320 and device elementY 330. The main interface screen 310 
is a display of a graphical clock that represents the current 
time, e.g., 1:00 PM. Device element X 320 incorporates the 
functional aspect of keeping track of the time, While device 
element Y 330 incorporates the visual aspect of graphically 
presenting the time. The unloaded interface screen 340 rep 
resents a subsequent vieW of the interface device, e.g., a feW 
seconds after 1:00 PM. Since the visual aspect that displays 
1:00 PM remains the same until 1:01 PM, device elementY 
330 is unloaded from memory, but device element X 350 must 
be maintained to keep track of the progressing time. While an 
unloaded device element is temporarily removed from 
memory, that device element still remains instantiated and 
active. 

In another example, device element Y 330 is not fully 
unloaded from memory, but partially suppressed. In this situ 
ation, device element Y 330 is only partially maintained as 
necessary in the unloaded interface screen 340. 

By fully or partially unloading unessential device elements 
from active memory, overall system performance improves. 
Memory conservation alloWs use of available memory space 
to be ef?cient, Which in turn reduces processing time. 
Remaining memory can be allocated toWards other tasks that 
may all run concurrently. In addition to memory conserva 
tion, transmission of redundant data Wastes netWork 
resources and may impede netWork tra?ic ?oW. Such bene?ts 
With respect to memory and netWork tra?ic conservation 
apply to device element mirroring as Well. 

FIG. 4 illustrates a block diagram of a device element 
mirroring system 400, another approach to memory conser 
vation and optimiZation. As an example, the device element 
mirroring system 400 comprises a representative device ele 
ment X 410 With properties Gil-X4) that are mirrored by 
device element Y 420 (Y1-Y4). The properties of device 
element X 410 correspond With the properties of device ele 
mentY 420 (e.g., X1 and Y1 represent a color attribute, X2 
and Y2 represent a location attribute, X3 and Y3 represent a 
siZe attribute, and X4 and Y4 represent a text attribute). 

Device element X 410 and device elementY 420 may each 
act individually upon shared data. If device element X 410 
and device elementY 420 have identical or related attributes, 
device element mirroring may be used to conserve memory 
and improve performance Without sharing properties. Device 
element mirroring enables more ?exible operation than prop 
erty sharing. While property sharing requires multiple device 
elements to point to a single shared attribute, device element 
mirroring e?iciently and selectively transmits necessary data 
from one device element to one or more other device ele 
ments. The transfer of signals betWeen device elements can be 
based on events that are manual or automatic in nature. A 
manual event is one that is directed by forced input from a 
user (e.g., a command entered by the click of a mouse). An 
automatic event is one that is based on circumstances unique 
to a situation (e.g., a detection of a dangerous condition that 
automatically triggers a Warning message). 

For example, device element X 410 comprises four prop 
erties, X1, X2, X3, and X4, Which represent the color, loca 
tion, siZe, and text, respectively. Device elementY 420 com 
prises its oWn four properties, Y1, Y2, Y3, and Y4, Which 
correspond to the same category types as those found in 
device element X 410. Device element X 410 receives data 
from a source. This data communicates a Warning message, 
Which triggers a change in X1, the color property, of device 
element X 410 from green to red. The property change of X1 
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10 
in device element X 410 triggers device element mirroring in 
device elementY 420 to change its color property, Y1, from 
green to red as Well. 

Device element mirroring of device element Y 420 from 
device element X 410 does not necessarily require that device 
element Y 420 mirror an identical or analogous property of 
device element X 410. For instance, color property X1’s 
change from green to red can trigger text property Y4’s 
change from “GO” to “STOP”iin addition to (or instead of) 
the Y1 color property change described above. 

In another example, the data communicated from the 
source to device element X 410 can trigger device element 
mirroring. Rather than Wait for a property change in device 
element X 410, device element Y 420 may initiate the mir 
roring function upon indication that device element X 410 has 
received the appropriate data from the source. For example, 
color property Y1 can be set to alWays match color property 
X1, regardless of What color it is or What type of data Was 
triggered at the source. 
As depicted in FIG. 5, a block diagram of an emulation 

system 500 for softWare mimicking of a hardWare implemen 
tation is represented. The emulation system 500 comprises a 
hardWare interface device 510, containing full-scale applica 
tions 520, device elements 530, and screen vieWs 540, and a 
softWare emulator 550, containing the corresponding soft 
Ware instances of the applications 560, device elements 570, 
and screen vieWs 580. Multiple emulators can be created for 
a single hardWare device, and a single emulator can contain 
elements extracted from more than one hardWare device. 
The interface device 510 is a hardWare representation of 

the tool used by an operator to interact With a machine. The 
interface device 510 is con?gured With applications 520, 
device elements 530, and screen vieWs 540 for a user-friendly 
presentation to the operator. The emulator 550 is a softWare 
implementation of the interface device 51 0. The emulator 550 
provides a simple and inexpensive platform to develop, test, 
and ?nalize the con?guration of an interface device 510 
before such implementation occurs on an actual piece of 
hardWare. 
The emulator 550 is created by extracting copies of the 

applications 520, device elements 530, and screen vieWs 540 
of the interface device 510. The resulting product is a soft 
Ware version of the hardWare device, With fully functional and 
con?gurable features. The applications 560, device elements 
570, and screen vieWs 580 on the emulator 550 Will behave 
identically to the applications 520, device elements 530, and 
screen vieWs 540 on the actual interface device 510. For 
instance, a developer may Want to test a heating function that 
heats a chamber of the machine after an item counter reaches 
a certain count. The developer may Want to recon?gure this 
feature by adding supplementary functions, such as a rotation 
task at certain intervals of time. While test procedures in 
hardWare can be expensive and dangerous, troubleshooting 
problems in the softWare can be debugged simply by altering 
the code. The process can be continuously adjusted on the 
emulator 550 until the full recon?guration is ?naliZed. 
Upon satisfactory completion of the recon?guration pro 

cess of the emulator 550, the neWly developed features are 
ready to be transferred to the hardWare interface device 510. 
The applications 560, device elements 570, and screen vieWs 
580 on the emulator 550, as modi?ed, are loaded onto the 
interface device 510 to replace the originally con?gured 
applications 520, device elements 530, and screen vieWs 540. 
The behavior of the interface device 510 has already been 
mimicked and predicted by the emulator 550, therefore mini 
miZing the more time-consuming hardWare implementation 
and adjustment by a developer. 










